敦煌莫高窟53窟仏龕周辺における土壁中の可溶性塩類について by 谷口 陽子 et al.
敦煌莫高窟53窟仏龕周辺における土壁中の可溶性塩
類について
著者 谷口 陽子, 森井 順之, 陳 港泉, 蘇 伯民
雑誌名 保存科学
号 44
ページ 127-134
発行年 2005-03-31
URL http://id.nii.ac.jp/1440/00003643/
Creative Commons : 表示 - 非営利 - 改変禁止
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.ja
2005 127 
????? ?? ????????? ? ? ? ? ? ? ? ? ?
??????????????
??? ?????? ????? ?????? ???
???????
???53?????????????????1986??????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????2004?8??53???????
???????????????????1)???????????????????????
?????????????????????????????????????????53
??????????????????????????????????????????
???????????????????????????????????
?????????????????????????
?????????????????????????????53???????????
???????????????????????????????????2)???????
????2?????????????????????????????????????
??????????3)????????????????????????????????
?????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????????4)?
?????????53??????????85????????????????????
????????????????????????????????????5)?
???? ? ??
??????????????????
? ?1??????????????????????3??????1??????????
???????????????????????MiniFlex?X??????15mA/30kV????
????2°/min?????0.01°?????????????
????????????????????????????????
? 53???????????????????????????????1????????
?????????????a?0-2mm?b?2-5mm?c?5-7mm?d?7-22mm?22mm????
??????????????????????????????????????????
??????????????????
? ???????100mg??????100ml??????????????????????
24??????0.45µm????????????????????????????????
???????????
??? ?????? ????? ????? ?? ????? No.44 128 
??????????????????????????????????????PIA-1000
???????????????
????????Shim-pack IC-A3(S) 2.0mm X 150mm  
??? p-??????????8.0????Bis-Tris?3.2?????????35????0.2ml/min 
????????Shim-pack IC-CS(S) 2.0mm X 100mm  
????IC-MC3-1??????40????0.2ml/min 
???? ? ??
? ??????????53????????????????????gypsum???????
?????1?????????????3???????????halite??????????
????????????????????
??? XRD?????????????
???? ?? ???????? ?? ???????
E26-1 ?? 120cm ?????? Gypsum, Quartz 
W26-1 100cm ???????? Halite, Quartz 
W26-2 100cm ???????? Halite 
W26-3 
??
100cm ???????? Halite, Quartz 
? ?????????????????2?7??????????????KN,? KW,? KS?
??????????????????????????????????????????
??????????????????????????????????????????
?? 53???????????
2005 ?????53?????????????????????? 129
??????????????????????????????????a>b>c>d????
??????????????????????????????????????????
???????????????????????????8???????????????
??????????????????????????????????????????
?????????????????????
???? ? ??
? ???53?????????????????????????????????????
????????85?????????????????????????????????
?????????
? ?????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????53???????
???????????????????6)???????????????????????
?????????????????4)????????????????????????
???????????????????
? ?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????7,8)???????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????????
???????????????
?????
????????????????53???????????????????1?6????????
?????????????????? (2002~2003??)????????? (2003) 
?????????????????????????????????????32, 28-34, (1993) 
??????????????????????????????????????????????
????????????????????????????33, 1-26, (1994) 
??????????????????????????????????????????????
????????????55-64, (2002) 
??N. AGNEW, F. PIQUÉ, M. SCHILLING, and WEI S.: Causes and Mechanisms of Deterioration and 
Damage in Cave 85, Conservation of Ancient Sites on the Silk Road, Abstracts of the Second 
International Conference on the Conservation of Grotto Sites June 28-July 3, (2004).  
??The Conservation of Dunhung Mogao Grottos and the Related Studies, Proceedings of the 19th 
??? ?????? ????? ????? ?? ????? No.44 130 
International Symposium on the Conservation and Restoration of Cultural Property, 1-3 February 
1996, TNRICP, (1997) 
??D.CAMUFFO: Microclimate for cultural heritage, Amsterdam and New York: Elsevier (1998) 
??A. E. CHAROLA: Salts in the deterioration of porous materials: an overview, JAIC, 327-343, 39, 
(2000) 
??????soluble salt???????; ion chromatography??????????????;
nitrate?????; mural painting????; Mogao grottos?????
2005 
?
?
?
?
?
53?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
131
0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0
w-1a
w-1b
w-1c
w-1d
w-2a
w-2b
w-2c
w-2d
w-3a
w-3b
w-3c
w-3d
w-4a
w-4b
w-4c
w-4d
w-5a
w-5b
w-5c
w-5d
w-a-1
w-a-2
w-a-3
w-a-4
w-b-1
w-b-2
w-b-3
w-b-4
w-c-1
w-c-2
w-c-3
w-c-4
sam
ple
mg/g
NaKMg
Ca
0.0
20.0
40.0
60.0
80.0
100.0
120.0
140.0
w-1a
w-1b
w-1c
w-1d
w-2a
w-2b
w-2c
w-2d
w-3a
w-3b
w-3c
w-3d
w-4a
w-4b
w-4c
w-4d
w-5a
w-5b
w-5c
w-5d
w-a-1
w-a-2
w-a-3
w-a-4
w-b-1
w-b-2
w-b-3
w-b-4
w-c-1
w-c-2
w-c-3
w-c-4
sam
ple
mg/g
C
l
N
O
3
SO
4
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
N
o.44 
132 
0.0
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.0
18.0
20.0
k
w
-
1
a
k
w
-
1
b
k
w
-
1
c
k
w
-
1
d
k
w
-
2
a
k
w
-
2
b
k
w
-
2
c
k
w
-
2
d
k
w
-
3
a
k
w
-
3
b
k
w
-
3
c
k
w
-
3
d
k
w
-
4
a
k
w
-
4
b
k
w
-
4
c
k
w
-
4
d
k
w
-
5
a
k
w
-
5
b
k
w
-
5
c
k
w
-
5
d
k
w
-
6
a
k
w
-
6
b
k
w
-
6
c
k
w
-
6
d
k
w
-
7
a
k
w
-
7
b
k
w
-
7
c
k
w
-
7
d
k
w
-
8
a
k
w
-
8
b
k
w
-
8
c
k
w
-
8
d
k
w
-
9
a
k
w
-
9
b
k
w
-
9
c
k
w
-
9
d
k
w
-
1
0
a
k
w
-
1
0
b
k
w
-
1
0
c
k
w
-
1
0
d
k
w
-
1
1
a
k
w
-
1
1
b
k
w
-
1
1
c
k
w
-
1
1
d
k
w
-
1
2
a
k
w
-
1
2
b
k
w
-
1
2
c
k
w
-
1
2
d
k
w
-
1
3
a
k
w
-
1
3
b
k
w
-
1
3
c
k
w
-
1
3
d
k
w
-
1
4
a
k
w
-
1
4
b
k
w
-
1
4
c
k
w
-
1
4
d
k
w
-
1
5
a
k
w
-
1
5
b
k
w
-
1
5
c
k
w
-
1
5
d
sample
m
g
/
g
Na
K
Mg
Ca
0.0
5.0
10.0
15.0
20.0
25.0
30.0
k
w
-
1
a
k
w
-
1
b
k
w
-
1
c
k
w
-
1
d
k
w
-
2
a
k
w
-
2
b
k
w
-
2
c
k
w
-
2
d
k
w
-
3
a
k
w
-
3
b
k
w
-
3
c
k
w
-
3
d
k
w
-
4
a
k
w
-
4
b
k
w
-
4
c
k
w
-
4
d
k
w
-
5
a
k
w
-
5
b
k
w
-
5
c
k
w
-
5
d
k
w
-
6
a
k
w
-
6
b
k
w
-
6
c
k
w
-
6
d
k
w
-
7
a
k
w
-
7
b
k
w
-
7
c
k
w
-
7
d
k
w
-
8
a
k
w
-
8
b
k
w
-
8
c
k
w
-
8
d
k
w
-
9
a
k
w
-
9
b
k
w
-
9
c
k
w
-
9
d
k
w
-
1
0
a
k
w
-
1
0
b
k
w
-
1
0
c
k
w
-
1
0
d
k
w
-
1
1
a
k
w
-
1
1
b
k
w
-
1
1
c
k
w
-
1
1
d
k
w
-
1
2
a
k
w
-
1
2
b
k
w
-
1
2
c
k
w
-
1
2
d
k
w
-
1
3
a
k
w
-
1
3
b
k
w
-
1
3
c
k
w
-
1
3
d
k
w
-
1
4
a
k
w
-
1
4
b
k
w
-
1
4
c
k
w
-
1
4
d
k
w
-
1
5
a
k
w
-
1
5
b
k
w
-
1
5
c
k
w
-
1
5
d
sample
m
g
/
g
Cl
NO3
SO4
?? ??????????????????
?? ??????????????????
2005 
?
?
?
?
?
53?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
133
0.0
5.0
10.0
15.0
20.0
25.0
30.0
k
n
-
1
a
k
n
-
1
b
k
n
-
1
c
k
n
-
1
d
k
n
-
2
a
k
n
-
2
b
k
n
-
2
c
k
n
-
2
d
k
n
-
3
a
k
n
-
3
b
k
n
-
3
c
k
n
-
3
d
k
n
-
4
a
k
n
-
4
b
k
n
-
4
c
k
n
-
4
d
k
n
-
5
a
k
n
-
5
b
k
n
-
5
c
k
n
-
5
d
k
n
-
6
a
k
n
-
6
b
k
n
-
6
c
k
n
-
6
d
k
n
-
7
a
k
n
-
7
b
k
n
-
7
c
k
n
-
7
d
k
s
-
1
a
k
s
-
1
b
k
s
-
1
c
k
s
-
1
d
k
s
-
2
a
k
s
-
2
b
k
s
-
2
c
k
s
-
2
d
k
s
-
3
a
k
s
-
3
b
k
s
-
3
c
k
s
-
3
d
k
s
-
4
a
k
s
-
4
b
k
s
-
4
c
k
s
-
4
d
k
s
-
5
a
k
s
-
5
b
k
s
-
5
c
k
s
-
5
d
k
s
-
6
a
k
s
-
6
b
k
s
-
6
c
k
s
-
6
d
k
s
-
7
a
k
s
-
7
b
k
s
-
7
c
k
s
-
7
d
sample
m
g
/
g
Cl
NO3
SO4
0.0
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.0
18.0
20.0
k
n
-
1
a
k
n
-
1
b
k
n
-
1
c
k
n
-
1
d
k
n
-
2
a
k
n
-
2
b
k
n
-
2
c
k
n
-
2
d
k
n
-
3
a
k
n
-
3
b
k
n
-
3
c
k
n
-
3
d
k
n
-
4
a
k
n
-
4
b
k
n
-
4
c
k
n
-
4
d
k
n
-
5
a
k
n
-
5
b
k
n
-
5
c
k
n
-
5
d
k
n
-
6
a
k
n
-
6
b
k
n
-
6
c
k
n
-
6
d
k
n
-
7
a
k
n
-
7
b
k
n
-
7
c
k
n
-
7
d
k
s
-
1
a
k
s
-
1
b
k
s
-
1
c
k
s
-
1
d
k
s
-
2
a
k
s
-
2
b
k
s
-
2
c
k
s
-
2
d
k
s
-
3
a
k
s
-
3
b
k
s
-
3
c
k
s
-
3
d
k
s
-
4
a
k
s
-
4
b
k
s
-
4
c
k
s
-
4
d
k
s
-
5
a
k
s
-
5
b
k
s
-
5
c
k
s
-
5
d
k
s
-
6
a
k
s
-
6
b
k
s
-
6
c
k
s
-
6
d
k
s
-
7
a
k
s
-
7
b
k
s
-
7
c
k
s
-
7
d
sample
m
g
/
g
Na
K
Mg
Ca
?? ????????????????????
?? ????????????????????
??? ?????? ????? ????? ?? ????? No.44 134 
Quantitative Analysis of Soluble Salts in Rendering Layers 
around a Buddhist Niche of Cave 53, Mogao Grottos 
Yoko TANIGUCHI, Masayuki MORII, CHEN Gangquan? and SU Bomin?
Extracted soluble salts from earthen rendering layers around the Buddhist niche in Cave 53 
were determined by using an ion chromatography technique after a report of mass efflorescence 
occurrence on the west wall under the Buddhist niche during conservation intervention of 
August 2004. A comprehensive sampling was executed in order to determine the distribution of 
soluble salts in the walls. Four efflorescence samples from the west and east walls were also 
identified by XRD as being halite (NaCl) and gypsum (CaSO4.2H2O). The lower west wall, under 
the niche, showed remarkably high contents of nitrate and chloride, unlike other interior walls of 
the niche. The results indicated the possible sources of nitrate as follows: use of some 
salt-containing soil/clay as restoration materials brought from fertilised area in a past 
intervention, incoming from nitrate-containing rock fabric as the cave structure, and effects of 
irrigation water from a tree-planting area near Cave 53. Further detailed environmental 
investigation and comprehensive salt analysis from the surrounding area will be executed as a 
following step. 
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